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Les défis pour une gestion durable des eaux pluviales urbaines dans les pays en développement sont 
considérables du fait de l'augmentation rapide de leur population en raison de l'immigration. 
L’urbanisation en Inde est entrée dans une période de grand développement. Il a été prouvé que les 
systèmes classiques pour le drainage urbain sont inefficaces et trop chers. Des solutions alternatives, 
qui essayent de compenser les effets de l’urbanisation et de l’imperméabilisation, sont étudiées dans 
une tentative de privilégier le contrôle à la source. Cet article utilise l’exemple de la ville de Delhi en 
Inde pour analyser cette situation. Les précipitations (pluie) sont de l’ordre de 700mm par an à Delhi et 
il existe de nombreux bâtiments et maisons récupérant les eaux pluviales de toitures, pour le contrôle 
du ruissellement. Dans ce contexte, la maison expérimentale de Monsieur et Madame S .P. Singh à 
l’est de Delhi est équipée depuis deux ans d’un système de récupération d’eau pluviale. Pour le 
stockage des eaux pluviales, les structures "enterrées" (telles que des systèmes de blocs modulaires 
et des chambres en béton) s’avèrent plus conformes, notamment lorsqu’il y a des contraintes 
d’espace. Cette technique de captage des eaux pluviales de toitures minimise les ruissellements à la 
source en site urbain. 
 
ABSTRACT 
The challenges for the sustainable urban storm-water management in developing countries are 
considerable because of rapid increase of their population due to immigration. Urbanization in India 
has entered the stage of rapid development. The usual drainage systems have proved to be inefficient 
and excessively expensive. Alternative solutions, trying to compensate urbanization and 
imperviousness effects are being researched, trying to favor source control. This paper takes the city 
of Delhi in India, as a case study to analyze this situation. Delhi is blessed with an average annual 
rainfall of about 700mm and there are many houses and buildings for collecting the roof-top rain water 
to control the stormwater. In this context, the experimental house of Mr and Mrs S .P. Singh in East 
Delhi was equipped for two years with a system for collecting and reusing rain water. For stormwater 
storage, ‘hard’ structures such as modular block systems and concrete chambers have been found 
suitable because of space constraints. This technique of roof-top rain water harvesting reduces the 
risk of in-situ urban stormwater on roads to a minimum.  
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1 INTRODUCTION 
India has the 2
nd
 largest urban system in the world and nearly 310 million people live in more than 
5000 cities and town. Urbanization in the country has entered the stage of rapid development but the 
urbanization leads to increase in impervious areas which in turn, significantly increases the rate of 
runoff, resulting in overwhelming of designed capacity of the stormwater drainage system. As a result 
of all these happenings, even small amounts of rainfall can cause urban flooding.  Delhi is the capital 
of India with an area of 1483 sq km and the population of Delhi (including New Delhi) is 13.8 million 
(2001census).  It is located on the banks of the River Yamuna and the average annual rainfall is about 
700mm, most of which falls during the monsoon in June to September. It is administered by the 
Municipal Corporation of Delhi and the New Delhi Municipal Council (NDMC). During the months of 
monsoon Delhi experiences major spells of flood till September, which inundates many areas of Delhi 
and this is unprecedented in recent times. Such  flooding in Delhi is specific due to the fact that  there 
is little open soil left that can be used for water storage due to rapid mindless urbanization, therefore, 
nearly all the precipitation is transport to surface water or the sewage system. The following Fig 1 
shows the temporal analysis of water bodies which indicates a sharp decline due to intense 
urbanization process from 1973 to 2007.  
 
 
FIG 1. Land-use changes, 1973–2007 
 
A significant phenomenon which has been increasing during recent years in Delhi is that of local 
flooding. Urban areas are characterized by a high area under impervious surfaces (Roads, 
pavements, houses etc). High rates of development along with 
the resultant loss of soft landscape has led to high surface 
water sun-off rates. This results in flash floods in the low lying 
areas even after moderate precipitation. A close analysis of 
the flood zoning pattern reveals that the high risk zones are 
the areas that have earlier been identified as unplanned or 
poorly planned areas having high population densities and sub 
standard housing structures (Fig 2). High intensity rainfall is  
causing flooding when the Delhi sewage system and draining 
canals do not have the necessary capacity to drain away the 
amounts of rain that are falling. Water may even enter the 
sewage system in one place and then get deposited 
somewhere else in the city on the streets. Thus, rooftop 
rainwater harvesting can play a significant role in arresting the 
menace of urban flooding. Rainwater harvesting is a form of 
source control in which water can be converted into a 
resource. In recent years, due to urbanization, groundwater 
recharge has decreased and the peak run off from rainfall and 
consequent flooding have increased. It is, therefore,  
necessary that  rainwater  harvesting  should  be  carried  out      FIG 2. Unplanned colonies in Delhi 
extensively. This will serve the twin purposes of lowering the  
peak runoff and raising the ground water table. Many municipal corporations (MCI) in India have 
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already made rainwater harvesting compulsory including Delhi.  
2 CAUSES AND CONSEQUENCES OF URBAN FLOODING  
The following flow diagram shown in Fig 3 indicates the direct and indirect factors responsible for 
increasing flooding incidences in urban areas.  
 
 
FIG 3.  Causes of urban flood in India 
 
The urban flooding due to direct or indirect factors causes a great economic loss to the state, 
individual and to the society. It has adverse environmental impacts, effect on traffic, effect on human 
being in terms of their lives, psychological impact, live stock, disease, public conveniences etc. 
3 URBAN FLOODING AND ITS MANAGEMENT 
Due to fast urbanization in Delhi during last four decades resulting in increase in paved area and 
decrease in the agricultural land which used to act as a percolation zone and is continuously depleting 
resulting in increase in water-flow during rainy season (Fig 4). Thus, rapid unplanned urbanization is 
the key cause of flooding. 
 
FIG 4. Stormwater flow during rainy season 
 
The following Fig 5 depicts that there are many ways by which the rainwater percolates through soil 
and recharges the underground water. In case, the major part of rainwater is unable to percolate due 
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to non availability of porous land, it causes urban flooding and consequently, the rainwater harvesting 
is the conducive way in reducing urban floods. 
 
FIG 5. Ways of rainwater harvesting 
After every flood in Delhi and experience gained, the Government and the individuals have taken 
various preventive measures to curb floods in Delhi through Rain Water Harvesting which resulted in 
arresting urban floods and urban water scarcity making Delhi a safe living place to a great extent 
4 TRADITIONAL SOURCE OF WATER IN DELHI  
The deep boreholes have been drilled in the underground water aquifers to pump up and distribute the 
water throughout Delhi.  Due to increase in water demand in recent times on account of increasing 
population, the local aquifers are drying out and are simply insufficient due to over exploitation of 
aquifers, therefore, the city is looking forward for other sources of water, the rainwater and the water 
from the river Yamuna.  
5 WHY RAINWATER HARVESTING IS ESSENTIAL IN DELHI / URBAN 
AREAS? 
Urban areas, especially Delhi are confronted with many issues pertaining to water: 
 Lack of full water supply from the traditional sources and, therefore, rainwater as a supplementary 
source. 
 Urban areas are typically characterized by concentrated demand of water because of high 
population density and the sheer number of people. Especially in the developing world the growing 
population adds to a growing demand typically unmet. Therefore, rainwater harvesting for meeting 
the domestic and service sector demand.  
 Depletion of underground water aquifers and, therefore, rainwater harvesting as a method of 
artificial recharge. 
 Urban flooding, therefore, rainwater harvesting as a flood mitigating measure. 
NOVATECH 2013 
5 
6 STRATEGIC APPROACH FOR ROOF-TOP RAINWATER HARVESTING 
A water audit statement is required to be prepared for each consuming unit where water is used. This 
would include identifying such parameters as water demand, stratified to all classes of requirements 
like potable water and sources and quantum of supply including city level supply from open wells bore 
well supply and private tankers. Supply of water from rainfall can then be calculated using various 
areas of the buildings including rooftop area. Furthermore, the Technical feasibility, Social and 
economic feasibility and Environmental and health feasibility need to be determined before the 
implementation of rainwater harvesting system in any area. Then a decision is made whether to store 
the water or to recharge the water so collected from rainfall. The process of rainwater usually works 
best as a combination of storage and recharge. Collection of some relevant data before the 
implementation of the scheme  provide interesting information on rainwater harvesting potential. It is 
for the designer to put in place strategies to ensure maximum benefit from this free gift of nature. 
7 CASE STUDY - RESIDENCE OF MR. AND MRS. S. P. SINGH IN EAST DELHI  
7.1 Difficulties of the East Delhi area   
Ground water is one of the major sources for water supply in Delhi where ground water contributes to 
substantial quantity of supply. Sustainable use of ground water would have been preferred where 
withdrawal of ground water keeps pace with the rate at which it is replenished through recharge. But 
faster withdrawal rates has lead to fall in water table and finally depletion of ground water in eastern 
part of Delhi. 
FIG 6. Study area in East Delhi  
The recharge in the area is 
considerably reduced due to 
increased urban activities and not  
much of land is available for 
implementing any other artificial 
recharge measures. At the same 
time, Delhi is prone to urban 
flooding every year. The most 
affected areas are the Eastern 
and North-Eastern part of Delhi 
where accumulated water leaves 
people wading out of knee deep 
water as the drainage system is 
not maintained properly and moreover, the areas Which were 
left under green belt have been encroached upon by authorized and unauthorized construction due to 
population pressure. Therefore, “collecting the water where is falls” is the way forward to meet the 
water supply deficiency and to control the urban flooding (Fig 6). The scheme has been implemented 
at the residence of Mr & Mrs S. P. Singh in East Delhi area. 
7.2 Checklist for implementing the roof-top rainwater harvesting scheme 
Before implementation of rainwater harvesting system, the following checklist was critically examined  
Technical feasibility - Rainfall and catchment area is sufficient to meet the demand; Design is 
appropriate and easy to maintain ;  Material is locally available ; Skill is readily available 
Social and economic feasibility - There is a real felt need for better water provision; Design is 
affordable and cost effective; Community is enthusiastic and willing to be fully involved 
Environmental feasibility and health - Rainwater harvesting to improve both the quality and quantity of 
the available water; It will have a positive impact on the user’s health 
Alternatives - All other alternative means of water provision were investigated but none was found 
suitable 
7.3 How much rainwater can be harvested? 
Runoff depends upon the area and type of the catchment over which it falls as well as surface 
features. Fig. 7 indicates the average annual rainfall of Delhi. All calculations relating to the 
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performance of rainwater catchment systems involve the use of runoff coefficient to account for losses 
due to spillage, leakage, infiltration, catchment surface wetting and evaporation, which will all 
contribute to reducing the amount of runoff. Since the catchment roof is made up of concrete, 
therefore, the 0.8 is taken as the runoff coefficient. The following equation is used to calculate the 
water harvesting potential: Water harvesting potential  = Rainfall (mm) X Area of catchment X Runoff 
coefficient 
 
FIG 7. Average annual rainfall in Delhi (Source: A Water Harvesting Manual For Urban Areas) 
7.4 Water supply source 
The municipal corporation of Delhi (MCD) supplies about 200 liters/person/day of water for potable 
and non-potable purposes whereas the consumption is 240 liters/person/day. Thus, there is a shortfall 
of 40liters/person/day. 
7.5 Rainwater available for harvesting 
All above factors were found positive at the residence of  Mr. and Mrs. S. P. Singh  in East Delhi area 
and consequently, the roof-top rainwater harvesting scheme was implemented in this dwelling unit with 
a roof top area of 150m
2
 in East Delhi where five adult persons reside and the average annual rainfall 
is 700 mm. 
1. Area of the roof = 150 m
2
 
2. Height of the rainfall = 700mm  
3. Volume of rainfall over the roof = Area of roof(150 m
2
) x height of rainfall (700mm)  
4. Assuming that only 80 % of the total rainfall is effectively harvested from the Concrete roof. 
5. Volume of water harvested = 84000 liters  
This volume is likely to meet an additional 46 liters of water requirement of a 5-member family per day 
for the year.  This successful rooftop rainwater harvesting system has encourage hundreds of nearby 
houses to follow the same. 
7.6 Rainwater harvesting system 
The rooftop rainwater is flown into storm drains pipes (Fig 8a) and diverted into de-silting chamber of 
size 2 m x 2 m x 2 m located near the building (Fig 8b). The suspended particles settle here. The 
filtered water is finally diverted into the recharge well bore is of 150mm diameter and 15m depth to 
facilitate accumulation and  recharge of rainwater. Layers of boulders, pebbles and coarse sand in the 
recharge ensures efficient filtration. Implementation of this project was completed in June 2010 (Fig 
8c), and the groundwater was put to use in January 2012 (Fig 8d).  Cost of the rainwater harvesting 
system amounted to Rs 110000 or Euro 1700. 
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        (a)    roof-top rain water is channeled                                (b)    collection and filtration pit 
                  
             (c)  recharge shaft                                             (d)  existing bore hole of the hand pump 
FIG 8  Infrastructure at the residence of  Mr. and Mrs. S. P. Singh  in East Delhi 
7.7 Quality of rainwater harvested 
The ground water monitoring activity was aimed at generating background data of detrimental 
chemicals constituents in Ground water before it is put to use. In general, ground water is of good 
quality and suitable for drinking, agricultural or industrial purposes. Ground water is mainly of Calcium 
Bicarbonate including Sodium-Chloride water and Mixed type. The other constituents, namely, Iron 
(<1.0 mg/l), Nitrate(< 45 mg/l),  Arsenic (<0.05 mg/l) were found to be within permissible limit. 
However, High concentration of fluoride  (>1.5 mg /l) in ground water beyond the permissible limit was 
detected before monsoon but after mixing of rain water it was diluted to 0.8 mg/l thus ruling out any  
health problem. Therefore, the harvested roof-top rain water was found to be fit for drinking or any 
other purpose.  
7.8 Microbiological aspects 
Safe drinking water is a rare commodity in India. Several water borne diseases are commonly reported 
every year from New Delhi, most likely due to unsatisfactory disinfection of municipal water.  The 
Bureau of Indian Standards issued the current drinking water quality standards (IS-10500) in 1991. 
This states that all drinking water should be tested for E.coli, thermotolerant coliforms and total 
coliforms and no bacteria from these groups should be detectable in 100ml sample of water.  The 
analysis of the microbiological flora of the water supplied for drinking purposes shows that the  water is 
biologically contaminated. The most common isolates were from the protozoan category.  Isolation of 
free living amoebae was found to be the most sensitive tool of analyzing the water safety. It is 
proposed that after determining the microbiological contamination, the cultures for free living amoebae 
on non-nutrient agar in addition to the standard coliform test must be performed. 
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8 COMPLETION OF THE SCHEME  
The rainwater harvesting structure was completed in the year 2010 for a cost of Indian Rupees 04 lacs 
(Euro 6400).  Land surface, installations and working is entirely eco-friendly having low impact on 
environment. The basic infrastructure is expected to last indefinitely and is suitable for any further 
expansion. 
9 BENEFITS/ DRAWBACKS OF ROOF-TOP RAINWATER HARVESTING 
The following benefits have been accrued from the implementation of the scheme  
9.1 Benefits of rainwater harvesting :  
Rainwater harvesting first of all increases water security. It is the perfect solution to meet water 
requirements especially in the areas which do not have sufficient water resources. It helps in 
improving the quality of the ground water and increasing the level of the ground level.  It reduces the 
loss of top layer of the soil. If we capture the water directly we need not to depend much on the water 
storage dams. Construction methods are relatively cheap and straightforward having low maintenance 
costs and requirements.  
The basic infrastructure is expected to last indefinitely and is suitable for any further expansion. It is 
the good solution to the increasing water crises. Collected rainwater can be consumed in homes 
without treatment provided a clean collecting surface has been used. Rain water harvesting reduces 
the flooding on roads and further prevents it from contamination.  And in the last it reduces stormwater 
discharges and urban floods.  
9.2 Constraints 
It attracts large initial capital expenditure and requires a regular monitoring for water quality for making 
it acceptable as a potable water. In addition, collection and filtration pit also requires periodical 
cleaning after rainy season. 
10 INITIATIVES FROM THE GOVERNMENT OF INDIA 
The Central Groundwater Authority, Ministry of Water Resources, New Delhi has invited the attention 
of Residential Societies, Institutions, Hotels, Industrial Establishments and Farm Houses located in the 
notified areas in and around New Delhi to adopt the Roof-Top Rain Water Harvesting System for 
groundwater recharge in their premises by 31st December, 2001 and if not adopted within the 
specified period as given above, the existing tube wells in the premises would be sealed and would 
also attract penal action under section 15 of the Environment (Protection) Act, 1986 as per  Public 
Notice No. 2012001 2001 (2001).  The notification, if followed in the right spirit would help in building 
up necessary storage for assured water supply in future to overcome the problem of water shortages 
and urban flooding in different parts. 
11 PRESENT SUCCESS – MOTIVATED TO CONTROLLING STORM WATER IN 
MUMBAI 
Dear Sir, 
I have read your 7 page paper on Rainwater harvesting, Thanks for the same. 
I plan to suggest to my housing society a Rain Water Harvesting plan, which involves, collection of rain 
water from the terraces of 6 buildings, each having approx. 1100ft
2
 area with China Mosaic tiles. Each 
terrace has two outlets of 3" each, for rain water drainage. 
This water I would like to initially use only to increase ground water level. This water will be used only 
for service requirement and not for potable purpose( This is a major usage anyway.)   
I personally feel this is the cheapest and sustainable method as a self help, in Mumbai, which is 
presently facing paucity of rain. 
I plan to train all monsoon water to the submersible pump shaft (6") and filter it through gravel and 
sand filters, before leading it to ground water area (to bring up water table in that manner). 




12 CONCLUSIONS AND RECOMMENDATIONS 
A number of major cities and towns in India reported a series of devastating urban floods in the recent 
decade. The heavy rains during monsoon coupled with the high-value urban land for buildings, illegal 
colonies, constriction of natural drainage and lack of open ground/soil to absorb rainwater are some of 
the main causes of urban flooding in Delhi. Due to urbanisation, groundwater recharge has decreased 
and the peak runoff from rainfall and consequent urban flooding have increased along all roads and  
rail embankments.   Challenges of urban flooding in terms of  roof-top rainwater harvesting vis-à-vis 
flood mitigation have successfully been met at the residence of Mr. and Mrs. S. P. Singh in east Delhi 
area where rainwater has been converted into a resource. It is, therefore, necessary that rainwater 
harvesting should be carried out extensively.  Among the several factors that influence the rainwater 
harvesting potential of a site, eco-climatic conditions and the catchment characteristics are considered 
to be the most important. The volume of water harvested from the roof-top during monsoon period 
substantiates towards the water needs of the family as well helps in mitigating the storm runoff/ urban 
flooding. Many municipal corporations in India have already made rainwater harvesting compulsory. 
Every building in an urban area must  have rainwater harvesting system installed as an integral 
component of the building utility. It is recommended that the Municipal Cporporation of Delhi ensures 
that this is implemented. 
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